The authors completed those propulsion system for microsatellite based on the SAFETY FIRST policy and EFFECTIVE COTS, by the beginning of 2008, which can work as both mono-and bi-propellant propulsion system and attain wide-range impulse bit and total impulse by switching the mono-and bi-propellant modes. We have been devoting ourselves to develop an upgraded version of the propulsion system sice 2008. We reviewed and introduced an improved catalyst and self pressurization propellant combination, and re-desinged the propulsion diagram. As the result, the propulsion system can be simpler and lighter than the previous one because the number of elements in the diagram is reducible. This will be a breakthrough for microsatellite to install a propulsion system on it.
Introduction
Microsatellites developed by non-governmental association or university groups are now in vogue not only in Japan 1, 2) but also in the world, as typified by SOHLA-1 and SOHLA-2 microsatellites developed by the Space Oriented Higashi-osaka Leading Association (SOHLA). However, they tend to be far from installing propulsion so far due to its high cost, and the conventional propulsion is awfully expensive since it is developed as a unique or identifiable product by proper specialists with quite high reliability. But if with a propulsion on microsatellite, space utilization or observation will be popularized for the more developers or observers, or even regular people. Here, propulsion of moderate price and decent performance is eagerly desired and it will broaden out the application of microsatellites and contribute to the development and prosperity of humankind.
Previous Attainment by Author
The author started to develop such a propulsion system for microsatellite in 2004 as a part of the SOHLA-2 project, and completed it, based on the SAFETY FIRST policy and EFFECTIVE COTS, by the beginning of 2008.
3) It depends on the following design concept: First, microsatellite generally has relatively short lifetime as 3 months or so and the propulsion should work to acquire necessary thrust or delta-V in the operation period. Second, supplying electricity on the microsatellite is not so large due to its small volume or surface areas. Therefore, the propulsion should attain large thrust density suggesting that chemical propulsion is the most suitable. It can work as both mono-and bi-propellant propulsion system and attain wide-range impulse bit and total impulse by switching the mono-(<1N, 60 sec of Isp) and bi-propellant (>1N, 120-150 sec of Isp) modes. Figures 1 and  2 show its assembly installed in the SOHLA-2 structure and picture under its captive test. 
Further Improvement

Diagram
We have been devoting ourselves to develop an upgraded version of the above propulsion system since 2008. We reviewed and introduced an improved catalyst and self pressurization propellant combination, and re-designed the propulsion diagram as shown in Figs. 3. As the result, the The authors completed those propulsion system for microsatellite based on the SAFETY FIRST policy and EFFECTIVE COTS, by the beginning of 2008, which can work as both mono-and bi-propellant propulsion system and attain wide-range impulse bit and total impulse by switching the mono-and bi-propellant modes. We have been devoting ourselves to develop an upgraded version of the propulsion system since 2008. We reviewed and introduced an improved catalyst and self pressurization propellant combination, and re-designed the propulsion diagram. As the result, the propulsion system can be simpler and lighter than the previous one because the number of elements in the diagram is reducible. This will be a breakthrough for microsatellite to install a propulsion system on it.
propulsion system can be simpler and lighter than that for SOHLA-2 because the number of elements in the diagram is reducible by abbreviating the pressuring line (G-Line) to remain oxidizer line (O-Line) and fuel line (F-Line). This will be a breakthrough for microsatellite to install a propulsion system on it. Figure 4 shows its experimental setup assembled. 
Fuel
We selected Dimethyl Ether (DME) as a fuel in the propulsion system. DME has the chemical structural formula shown in Fig. 5 . DME has 6 atm of vapor pressure around room temperature, wide explosive range, and high cetane number compared with the other fuels as shown in Fig. 6 and Table 1 . Especially, the vapor pressure is very suitable for a thruster with combustion pressure of 4 atm designed, related later. Table 1 . Properties of DME and the other fuels.
4)
DME Propane Methane Methanol LGO
Chemical Formula CH3OCH3 C3H8 CH4 CH3OH
Boiling Point, degC. 
Thruster
A thruster should be available to have capability of working in both mono-propellant mode and bi-propellant mode. In addition, we intended to examine various catalyst and nozzle ratio in the thruster, so that we designed a splittable thruster composed of those 4 parts as shown in Fig. 7 , which consists of Injector Part, Catalyst Bed, Combustion Chamber, Nozzle. 
Injector part
Propellant, especially Hydrogen Peroxide should be atomized at an injector in order to realize high efficiency of its decomposition in the catalyst bed. We adopted an impingement type injector which had 3 small holes tilted as shown in Fig. 8 . A shower type ejector shown in Fig. 9 which aligns the propellant flow perturbed by the granulated catalyst, was set just after the catalyst bed. 
Catalyst bed
In the catalyst bed shown in Fig. 10 , one of the propellants, Hydrogen Peroxide, should be efficiently decomposed by a suitable catalyst. We found such a catalysts, called Catalyst-S and Catalyst-K, which were granulated type catalysts with particle size of #14-18 and #25-30, respectively, as shown in Fig. 11 . One of the two catalysts is loaded into the catalyst bed and a pair of #14-18 mesh shown in Fig. 11 is set at entrance and exit of the catalyst bed in order to avoid the granulated catalyst from leakage. Inner diameter of the catalyst bed is matched to that of combustion chamber to maintain smooth propellant flow from the catalyst bed to the combustion chamber. 
Combustion chamber
In order to design combustion chamber, we first calculated and estimated combustion in the combustion chamber with Chemical Equilibrium with Application (CEA). Supposing that DME in a propellant tank has 6 atm of vapor pressure, 4.4 atm is probable in the combustion chamber considering pressure drop at valves and the injector, under that propellants are Hydrogen Peroxide of 60 wt % as oxidizer and DME as fuel and nozzle area ratio is 50. As the result, we obtained an estimation shown in Table 2 . Table 2 . Estimation in combustion chamber. 
Item
Here,
We approximately replaced m by m ∆ , and obtained specific volume of combustion chamber, , as follows: 
Considering stay time in combustion chamber as =0.011 sec, volume of combustion chamber, , is obtained as follows: 
Nozzle
Throat area,
, and throat diameter, , are obtained as 
Since nozzle area ratio, , is fixed at 50 in this propulsion system, nozzle exit area and diameter, and , are obtained: 
Here, half apex angle is 15 degrees, nozzle length, , is obtained as follows: 
Considering processing accuracy and manufacturing cost, we finally determined dimensions of =1.41 mm, =10.0 mm， and =16.0 mm, respectively, as shown in Fig. 13 . Thus, we realized a re-designed thruster shown in Fig. 14 . 
Captive Test Results
We conducted captive tests by using the experimental setup of the re-designed propulsion system and the thruster. By switching electromagnetic valves in the O-line and the F-line, it works as 4 modes as follows.
Regulated mono-propellant mode
We conducted captive test of regulated mono-propellant mode with Hydrogen Peroxide as propellant. Propellant optionally pressured by regulated nitrogen gas at 5 atm from G-D port in Fig. 3 , is fed to the thruster. It is decomposed in the catalyst bed to oxygen gas and mixture of gas and vapor of water. Its temperature and pressure in the combustion chamber rapidly rose just after starting injection due to decomposition heating up to boiling point and 4.4 atm as shown in Fig. 15 , which goes just as designed. We tested both catalyst-K (#1, #2) and catalyst-S (#3, #4), and varied duty ratio of feeding electromagnetic valves as 100 % (#1, #3) and 50 % (#2, #4). As the result, we obtained adequate thrust performances for microsatellite as shown in Table 3 .
Mono-propellant mode pressured by DME
We conducted captive test of mono-propellant mode with Hydrogen Peroxide as propellant, which was pressured by vapor pressure of DME. We were supposed that the pressure should be 6 atm at room temperature, but this test was done in winter. Since ambient temperature was around 10 degC., its vapor pressure was only 3 atm. As the result, pressures in the catalyst bed and combustion chamber were about 200 kPa and 160 kPa, respectively, as shown in Fig. 16 . However, we estimated thrust performance with the result and over 50 sec of specific impulse was obtained as shown in Table 4 . Peroxide pressured by DME in winter. 4.3. Mono-propellant mode of DME We conducted captive test of mono-propellant mode with DME as propellant. DME was fed to the thruster by self pressurization. The pressure was just vapor pressure of DME itself, but the test was conducted in the same winter so that the vapor pressure was only 200 kPa as shown in Fig. 17 . Temperature dropped to -20 degC., the boiling point of DME, and pressure in the combustion chamber rose to 140 kPa. In fact there is mixture of gas and vapor of DME in the combustion chamber, but we estimated thrust performance supposing it as approximate ideal gas. Specific impulse is calculated with the chamber and ambient pressures, 
Bi-propellant mode
We conducted ignition test of bi-propellant mode. Propellants were Hydrogen Peroxide for oxidizer and DME for fuel. Electromagnetic valves in both the O-line and the F-line were simultaneously opened, and Spark Plug started its discharge in the combustion chamber. However, no ignition occurred. Now we are investigating its reason and trying to improve condition of the ignition. We estimate that liquid droplet of mixture of DME and water derived from decomposition of Hydrogen Peroxide is too large and spark energy is too small to gasify and be ignited. It suggests that atomization just after the catalyst bed, that is, at the upper region of the combustion chamber is quite necessary, which indicates configuration of the ejector should be improved.
Conclusion
We re-designed the propulsion system for microsatellite by effective self pressurization of propellant which has adequate vapor pressure, and manufactured an experimental setup of generalized system of mono-and bi-propellant propulsion using Hydrogen Peroxide and Dimethyl Ether as propellants. We were supposed that it worked both mono-and bi-propellant mode by switching electromagnetic valves as appropriate. As the result, mono-propellant mode attained favorable thrust performances such as specific impulse of over 50 -60 seconds, especially mono-propellant mode with Hydrogen Peroxide virtually reached its perfection. And we obtained two issues: the first is to maintain temperature of
